I. INTRODUCTION
Porous silicon (pSi) is a well characterised material prepared by the electrochemical etching of silicon wafers using various hydrofluoric acid (HF) based etching solutions, resulting in nano-to micro-metre sized cavities in the surface whilst leaving the bulk dimensions of the wafer unchanged. 1 Manipulation of the etching conditions allows precise control over the resulting porous layer, including the size of the pores, the shape (from highly ordered channels to highly disordered sponge-like structures), depth, and overall porosity. 1 Since the initial discovery of pSi's energetic properties in 1992 from the accidental spontaneous ignition of a freshly prepared pSi surface upon application of concentrated nitric acid, research of this energetic material has progressed steadily. 2 The very high internal surface area of pSi (in the order of 800 m 2 per gram) permits very intimate mixing between the oxidising agent and the fuel (silicon), leading to materials that are stable at room temperature and are able to react explosively upon application of a stimulus. These oxidisers are commonly added as a solution onto the surface using a volatile solvent (e.g., methanol), where they are drawn into the pores by capillary forces before the solvent evaporates to leave the solid agent behind. Whilst a variety of oxidising agents (typically nitrate or perchlorate salts) have been shown to react with pSi in this manner, sodium perchlorate (NaClO 4 ) has emerged as the oxidiser of choice since it seems to give the most powerful and consistent energetic reaction.
2 Conveniently, controlling the material properties of the pSi substrate (by tuning the etching conditions) permits control over the stoichiometry of the system by limiting the volume of the pores available to be filled. The surface of freshly prepared pSi is hydride-terminated, ageing naturally in the air to form various silicon oxide bonds, while leaving the hydride-terminated surface unchanged.
1 Aggressive ageing in humid environments or thermal oxidation removes the surface hydride layer and renders the surface unreactive for energetic material applications. 3 pSi energetic materials prepared in this way are sensitive to a wide variety of stimuli. Methods of initiation that have been reported include heating on a hot-plate 4 or by a hot bridge-wire, 5, 6 mechanical stimulus (such as scratching the surface or light friction), 7 or by an electrical spark. 7 Additionally, laser ignition of pSi energetic materials has been reported at a variety of wavelengths and laser fluences. [7] [8] [9] However, in each of these instances, the laser directly illuminates the pSi surface to cause ignition. This arrangement may cause difficulties for incorporating pSi in assembled devices if the surface needs to be both in contact with a receptor charge yet exposed enough to be able to be illuminated by the laser. The use of shockwaves to cause ignition of these materials has not been well documented, and application of simple lasergenerated shockwaves may represent one possible solution to this problem. 10, 11 In all instances, it is reported that the initiating stimulus either desorbs the hydrogen from the surface, or fractures the pSi crystals, in such a way that exposes the unreacted Si surface to the oxidising agent.
3 Small reactions at the site of initiation liberate sufficient energy to accelerate reaction rates to the desired explosive reaction.
In order to model energetic pSi systems, it is necessary to understand the material properties of the system, including the behaviour of the material when subjected to shock loading. 10 Shock compression experiments, which record the speed of the shockwave travelling through the material and the velocity of the material accelerated by the wave (i.e., the particle velocity), are one aspect of the work required to derive the pressure and density of the shockwave through application of the Rankine-Hugoniot equations. Authors to whom correspondence should be addressed. Standard shock compression experiments applied to conventional energetic materials, such as the Hopkinson split-bar technique or explosively driven plane-wave generators, 11 far exceed the scale of pSi energetic systems, and are therefore unsuitable. Laboratory scale techniques for shock generation are also well known and are applicable to microscale experiments. 11 A convenient and routine technique is to use moderate to high energy laser pulses to irradiate a surface to generate a short duration plasma-the rise and fall of the pressure associated with this plasma will generate a shockwave emanating from, and driving into, the surface. 12, 13 The efficiency with which the wave can be directed into the surface under investigation can be increased by adding a confining layer to trap the plasma between two surfaces, and adding an absorbing layer to convert the laser energy to heat, thereby increasing the plasma pressure. 12 The compression wave generated in this manner can be considered to be one dimensional for thin samples which will decay in intensity as it travels through the sample depth. 14 The shockwave generated by any of these techniques will travel through the bulk material, emerging at the opposite surface. Simply measuring the transit time of the wave through the known thickness of the material will determine the wave velocity. However, measurement of the particle velocity is more problematic. Techniques such as spaced electrical contact probes are suited to large shocks emerging from bulk energetic materials. 10 By measuring the wave profile through a receptor having well characterised material properties (e.g., PMMA), it is possible to derive the properties of the shock donor (i.e., the material under investigation), but again this is a technique suited to bulk energetic materials. 10 The face of the target opposite to the donor shock is termed the "free surface" when it is unrestrained by another material and the wave can exit to the atmosphere. The velocity of the free surface accelerated by the emerging wave is directly proportional to the particle velocity as follows:
where U p is the particle velocity and U fs is the free surface velocity (m/s). Optical interferometric techniques (such as the velocity interferometer system for any reflector, VISAR) are suited to measurement of the free surface velocities for both large and small scale shocks, 10 and may easily be implemented in a laboratory environment. Similarly, by utilising the shocked or stressed sample as the displacement mirror of a Michelson interferometer, the adhesion of thin aluminium films on silicon or silica substrates impacted by laser-generated compression waves has been characterised. 14 Photon Doppler velocimetry (PDV) has emerged as a simple technique for measurement of U fs using relatively inexpensive off-the-shelf fibre optic components. 13, 16, 17 By using the optical interference of Doppler-shifted light that is reflected from the moving target surface, one can record U fs as a function of time.
In this investigation, the laser shock initiation properties of pSi energetic materials are studied using PDV to determine the nature and strength of the shockwave at the threshold for initiation.
II. MATERIALS AND METHODS

A. Porous silicon preparation
Porous silicon was prepared from p-type boron doped wafers, 3-6 X cm resistivity, h100i orientation, supplied by Virginia Semiconductors. Hydrofluoric acid (48% aqueous solution, Merck Chemicals) was diluted with acetonitrile to a final volumetric concentration of 20%. Electrochemical etching was conducted using standard techniques 1,4 in a Teflon etching cell incorporating a platinum cathode and stainless steel anode. 18 The etching cells used in these experiments produced an etched area 45 mm long by 8 18, 19 has determined that these etching conditions produce pSi surfaces with pore sizes of 3.6 6 1.4 nm and a porosity of 64.7 6 0.5%.
Electrochemical etching was performed by a TTi PLH-250 sourcemeter power supply, operated under conditions of constant current controlled by a purpose-built Labview interface on a Windows PC. The applied current was pulsed with a 66% duty cycle (10 s on, 5 s off), for a desired number of cycles. Wafers were washed with ethanol and acetone prior to and after etching, and dried in a stream of nitrogen gas. All samples were stored in a desiccator when not being handled.
B. Surface characterisation
The depth of the porous layer was measured on a FEI Phenom scanning electron microscope (SEM), with samples cleaved and mounted as a cross-section of the etched wafer. High-resolution investigation of the pore structure was carried out on a FEI Helios Nanolab SEM. Wafer thicknesses were measured using a Mitutoyo Digimatic digital micrometer.
C. Loading of oxidant into pSi
A stock solution of sodium perchlorate monohydrate (SP) (Ajax Chemicals) was prepared at a concentration of 400 g/l in methanol. The solution was micropipetted onto the wafer followed by impregnation into the pores. The methanol solvent was evaporated in a stream of nitrogen gas, leaving the SP crystals deposited into the pores. The volume of solution used was adjusted to fill the pore volume completely with SP-the resulting energetic material had a final mass ratio of pSi:SP of 58.6 6 0.1%. It should be noted that energetic materials based upon pSi and SP are very sensitive to initiation by minor stimuli and should be handled with the care and procedures applicable to primary explosives.
D. Photon Doppler velocimeter
The system used during this investigation is depicted in Figure 1 .
Light from a continuous wave laser is fed into Port 1 of a three-port optical circulator, emerges from Port 2, and illuminates the moving target through an optical probe ( Figure 1 ). However, a small fraction of this light will reflect back along the fibre from the cleaved end of the probe without interacting with the target. 17 The reflected light from the moving target is Doppler-shifted and interferes with the unshifted light inducing a beat wave. The beat wave propagates back into Port 2 and emerges entirely from Port 3. The variation of the beat wave is registered by a photodetector and is recorded by a digital storage oscilloscope. The frequency of the beat wave is related to the target velocity as follows:
where f is the beat frequency and k is the wavelength of the source laser light. This simple relationship permits calculation of U fs by directly measuring the beat frequency.
Processing the recorded beat frequency signal from the oscilloscope thus permits measurement of U fs as a function of time for the shock event under investigation. The PDV system utilised an NKT Photonics Koheras Adjustik C15 laser (1550 nm operating at 80 mW). This was fed through an AFW Technologies three-port circulator (model CIR-3-15-C-1-2) via an SMF-28e single mode fibre. The optical probe illuminating the target surface consisted of the stripped and cleaved end of the fibre placed perpendicular to the surface at a distance of approximately 0.5 mm. The light intensity emerging from Port 3 of the circulator was measured using an Electro Optics Technologies ET-3000A-FC photodetector connected to a Tektronix DPO7254C oscilloscope. The recorded waveforms were later processed using a MATLAB short-term Fourier transform routine to yield surface velocity as a function of time.
E. Laser shock generation
Confined plasmas were generated by clamping Si wafer samples against a glass microscope slide and irradiating the sample with single pulses of 1064 nm laser radiation. Prior to clamping, a layer of black paint (Dulux matt black spray paint) was applied to the surface of the glass facing the wafer and allowed to dry. The glass and the wafer were in immediate contact. The black paint had a measured thickness of 27 6 4 lm (determined by SEM) and was believed to be slightly porous in nature, as depicted in Figure 2 . The glass and wafer were clamped together using an aluminium sample holder having a 12.5 mm diameter circular aperture on both the front and rear faces to permit unimpeded laser irradiation from both sides (Figure 3(a) )-the glass and paint layers can also be omitted to permit the 1064 nm laser to interact directly with the backside of the Si wafer (Figure 3(b) ).
Laser irradiation was performed by a Continuum Surelite III Q-switched Nd:YAG laser (1064 nm, 10 ns single pulse, spot size of approximately 7 mm). The energy of the laser was measured using a Vector H310 power meter with a Scientech AC2501 detector head and was found to have a pulse-to-pulse error (standard deviation at 95% confidence interval) of between 3.7% (50 mJ pulses) and 2.6% (925 mJ pulses). An Electro-Optics Technology ET2030 photodiode was positioned behind the sample to capture reflected 1064 nm light to provide a timing reference (Figures 1 and  3(b) ), recorded simultaneously with the PDV signal. For clarity, the side of the sample which is illuminated by the 1064 nm laser is referred to as the backside, while the side which faced the PDV probe is referred to as the frontside. Wang et al.
14 described a similar experimental arrangement to study aluminium film adhesion on silicon and silica substrates, and conducted an analysis which concluded that the shockwave generated by this method was essentially planar as it travels through the sample, for a distance of 2 to 3 times the radius of the laser spot (i.e., through a sample thickness of 7 to 10 mm for our case). Therefore, errors associated with stress dissipation at the edges of the shocked area were minimised by aligning both the 1064 nm incident laser pulse and the 1550 nm PDV probe to the approximate centres of the back-and front-side, respectively. The source silicon wafers used during this investigation were approximately 388 or 502 lm in thickness. Shock velocity experiments required successively thicker samples to determine velocity parameters, which are not commercially available. Thus, multiple layers of Si were stacked together, up to a maximum of approximately 1200 lm. It was found that a thin layer of light mineral oil was needed between each layer in order to provide effective coupling and transmission of the shockwave (Figure 3(c) ). The mineral oil (Sigma Aldrich, density 0.82 g/cm 3 , viscosity <30 cps) was added as a single drop between successive layers during stack assembly, and the entire stack clamped between two flat plates for 5 min. The average oil layer thickness by this method was determined to be 1.4 lm as inferred from the measured layer and stack thicknesses. Thus, whilst there are differences between the densities of the two materials (Si and oil) which will have some effect on the wave transmission, it was believed that this would be minimal due to the relative thicknesses of the layers.
The Si wafer surface had a high specular reflectivity. A deviation of few degrees from the normal angle of 1550 nm laser light incidence resulted in the loss of the PDV beat signal. The use of a thin layer of matte aluminium foil (12.2 6 0.8 lm thick) in a configuration similar to that reported by Asay 20 was necessary to provide a diffuse reflective surface in order to obtain a suitable PDV signal. The acoustic impedance of the Si and Al is similar (19.6 and 17.3 MRayls, respectively 21 ) and therefore it was anticipated that introduction of the extra layer would not significantly influence the recorded wave or free surface velocities.
III. RESULTS AND DISCUSSION
A. Laser shock initiation
To first determine if pSi loaded with SP could actually be initiated by a laser-generated shockwave, samples of pSi (15 mm diameter circular etch, 26 lm thick pSi) were configured as per Figure 3(a) , and irradiated by pulses of 1064 nm light from the Nd:YAG laser. Prompt initiation was observed upon application of a single laser pulse indicating that this was a viable technique to initiate pSi energetic materials. The intensity of the laser was adjusted to achieve a 50% probability of initiation, the threshold being determined to occur at laser pulse energies of 130 mJ (equivalent to a power density of 3.38 Â 10 4 kW/cm 2 ). As it is known that these materials are very sensitive to mechanical stimuli, and also that Si is partially transparent to 1064 nm infrared light, 22 it was necessary to determine if the observed initiation was due to a transmitted shockwave or some other effect. Accordingly, mechanical (sample fracturing) or thermal (laser heating) effects needed to be eliminated.
In order to isolate the mechanism of samples of SP oxidant-loaded pSi were configured as per Figure 3(b) -by omitting the confining glass slide and black absorptive layers the 1064 nm ignition pulse can interact directly with the backside of the Si wafer without the generation of a shockwave. It was found that samples would not initiate upon backside illumination at laser pulse energies of 130 mJ, but would initiate if irradiated at energies greater than 650 mJ. Moreover, optical transmission measurements showed that 1.9% of the 1064 nm light was being transmitted through the wafer, suggesting that the small fraction of unabsorbed 1064 nm light impinging on the pSi layer was causing initiation of the sample through heating of the pSi layer (termed "laser thermal" initiation). Accounting for this absorption through the bulk of the Si wafer, this 650 mJ threshold equates to an approximate pulse energy of 12 mJ (equivalent to a power density of 3200 kW/cm 2 ) emerging at the frontside and interacting with the pSi to cause initiation. Churaman et al. 9 described a threshold of initiation for pSi loaded with SP of 2.7 kW/cm 2 (514 nm continuous wave), and Wang et al. 8 reported a threshold of 1063 kW/cm 2 (532 nm, 15 ns single pulse) for pSi loaded with ammonium perchlorateboth reports described direct frontside irradiation. Churaman et al. 9 found that protecting pSi layers from atmospheric humidity using a thin polymer coating prevented ignition even upon long exposure times to the laser. The threshold reported in this work is considerably higher than these two previous reports; however, the partial transparency of Si in the infrared region has been exploited to achieve initiation using Experimental assembly for simultaneous recording of wave and particle velocity of unetched Si including also 6) mineral oil coupling layer and 7) reflective aluminium foil. Two unetched Si wafers are depicted, however, up to three layers could be effectively assembled in this manner, or may also include a pSi layer orientated as per panel (a).
indirect backside irradiation. This allows the backside of a Si wafer to function as both a hermetic seal and an optical transmission window for an assembled device incorporating pSi layers as an ignition source.
To eliminate the initiation reaction due to the laser thermal mechanism, samples were prepared with a lightabsorbing layer of black paint applied directly to the backside of the silicon substrate, and assembled without providing confinement from a glass microscope slide. In this configuration, initiation of the sample was prevented for laser pulse energies up to 900 mJ (the highest pulse energies used in this study). Although a strong plasma was generated with each laser pulse, ablating the paint away, it was not until 3 or 4 pulses had been applied to individual samples that the sample would initiate. This indicated that the layer of black paint effectively absorbed the 1064 nm laser light until such time as it had been ablated away sufficiently to permit the light to transmit through the sample causing laser-thermal initiation of the pSi layer. In spite of the fact that a shock wave of some strength was generated upon ablation of the paint by the laser (determined observationally through the bright flash and audible "crack" produced upon irradiation), it was not sufficiently strong to cause initiation of the sample.
Finally, to eliminate the possibility that mechanical fracture of the sample at the threshold of initiation (due to the pressure generated by the plasma) was contributing to sample initiation, etched blank samples (i.e., pSi samples but without the SP) in the same configuration as Figure 3 (a) were irradiated at laser pulse energies of 140 mJ, and crosssections of the wafer cleaved through the shocked zone were imaged using high resolution SEM. These images are shown in Figure 4 and clearly indicate that the porous structure was not crushed and that delamination from the supporting Si wafer, spallation at the free surface or any other mechanical failure, which might have caused pSi initiation, were absent. Furthermore, the shocked samples were visually indistinct from unshocked samples.
So, it was concluded that the development of a shockwave was necessary in order to cause ignition at the threshold of 130 mJ when samples were configured as per Figure  3(a) . Mechanical fracturing of the material was eliminated as a possible mechanism at this threshold. A much higher threshold was needed to cause ignition by the laser thermal mechanism (i.e., 650 mJ)-this could occur only in the absence of the confining glass layer, and then only when the 1064 nm laser was unimpeded by the black absorptive paint layer. The exact mechanism of how the shockwave interacts with the pSi to cause initiation has not yet been determined but may include friction between silicon and SP crystals (below the elastic limit of the material) or piezoelectric voltages known to be generated upon stress wave interaction with pSi. 23 
B. Shock wave characterisation
To determine the intensity and characteristics of the shockwave, the system was configured as per Figure 3(b) . Unetched Si wafers (or multi-wafer stacks) of between 380 and 1200 lm thickness were shocked with laser pulse energies between 140 and 895 mJ, simultaneously recording both the shock transit time and U fs. The transit time was measured by the difference between the timing photodiode (reflected infrared 1064 nm light) and the onset of the beat frequency. This time difference includes not only the actual transit time of the shock wave, but also all of the system delays including plasma pressure rise time, light transmission through the fibre optic cable, etc. The velocity of the wave is the slope of the graph of time of arrival versus wafer thickness, as depicted in Figure 5 . The wave velocities at 140, 330, 630, and 895 mJ laser pulse energies are 7.0 6 2.6, 7.9 6 2.8, 
speed of sound within silicon along the h1 0 0i direction is 8.433 km/s. 24 As expected, there was an almost linear increase in the time of arrival with increasing Si thickness, and a slight increase in wave velocity with increasing laser pulse energy. A similar dependency of the wave velocity with laser intensity for laser-shocked aluminium plates has been reported by Lee et al. 25 who observed wave velocities below the speed of sound in the material.
A typical velocity profile of the wave emerging from the surface is presented in Figure 6 (a). Three distinct phases in the surface velocity profile were observed. The first was a very sudden acceleration of the surface up to a peak velocity, which corresponded to U fs . By restraining the sample in a circular clamp of 12.5 mm, it behaved effectively as a clamped membrane. Upon reaching the maximum deflection permitted by the stiffness of the membrane, movement was halted and the surface decelerated to zero due to pull-back (phase ii). Small reverberations (seen in many of the samples including those involving only a single Si wafer layer) were seen during phase ii which have not been fully identified, but may possibly be due to oscillation of the membrane or oscillations within the plasma of the absorbing layer. Simultaneously, the entire bulk of the sample is being displaced as a result of the plasma pressure, a process which occurs on a longer time scale and manifests both as flexion of the wafer and subsequent movement of the wafer shards after it fractures. These features (phase iii) are seen as the steady velocity signal between 10 and 25 ls-at this point, the shards of Si struck the PDV probe and terminated the signal.
The relationship between U fs and wafer thickness at various laser pulse energies is presented in Figure 6 (b). As expected, U fs was highest for the thinner samples irradiated by the most intense laser pulses, with an exponential like decay as sample thickness increased, suggesting attenuation of the shock wave as it transits through the sample. Again this is consistent with the observations of Wang et al.
14 who also determined that this decay was exponentially related to the thickness of the sample. The rapid deceleration of the wave suggests the shock wave may have transitioned into a stress wave while travelling in the first silicon wafer of the wafer stack (380 lm thick), although more detailed study is required to support this claim.
Fitting the data presented in Figures 5 and 6(b) to the linear relationship between wave (U w ) and particle (U p ) velocity
where a and b are constants determined from the data to be a ¼ 6845 6 1137 m/s and b ¼ 37 6 35. This relationship between U w and U p can be used in combination with other Rankine-Hugoniot equations to describe the pressure, density, and internal energy of the material associated with the shock. For shockwaves in condensed materials (consisting of both elastic and plastic waves), the constant b is of the same order as the constant a, whereas for purely elastic waves U w is independent of U p . 15 The low value of b suggests that the observed waves in this system, considering the large observed measurement error, are simple weak elastic waves (i.e., stress waves). Where a material is stressed by a weak elastic wave, the magnitude of the stress (P) is related to the particle velocity, acoustic velocity (C), and Young's modulus (E ¼ 130 GPa in the h1 0 0i crystal direction) by
For a 380 lm thick silicon wafer irradiated at a laser pulse energy of 140 mJ (3.6 mJ/mm 2 ), an applied compressive stress of 131 MPa was determined-this is comparable to stresses reported by Wang et al.
14 who found compressive stress waves of 700 MPa at a laser fluence of 140 mJ/mm 2 using a similar technique.
Finally, samples of pSi were also introduced and subjected to shock loading at 140 mJ, recording U fs using the PDV. Samples of pSi (380 lm wafer, 68 lm pSi layer) were configured as per Figure 3 (a) except that the pSi was reversed from the original configuration to now face the shock generating black absorptive layer in order that the supporting wafer would provide some measurable mass that would be accelerated due to the explosion toward the PDV probe. The resulting surface velocity profiles are depicted in Figure 7 . The unloaded sample (Figure 7(a) ) clearly displayed a surface velocity peaking at 15 m/s initially, decaying to approximately 5 m/s by 4 ls-this is very similar to the U fs of unetched Si wafers subjected to the same shock loading (18.8 6 10.5 m/s-see Figure 6 (b)). However, introduction of the oxidising agent to create the energetic material resulted in a vastly different profile. Figure 7 (b) displayed the same initial steady surface velocity of %5 m/s, but then displayed sudden and almost linear acceleration after 5 ls to a final recorded velocity of 80 m/s at 22 ls, when the probe is destroyed and the recorded signal terminated. This was equal to an acceleration of 4.4 Â 10 6 m/s 2 . Considering the unit mass of the sample per unit area, this acceleration indicates that an accelerating pressure of 3.9 MPa is developed due to ignition of the energetic material. It must be noted that only preliminary measurements were conducted in this configuration. However, the recordable differences between the loaded and unloaded pSi samples open the possibility that these techniques may be used to develop the Gurney constants for this material in the future. Gurney constants are one measure of the energetic output of a material, permitting the performance of different energetic materials to be readily compared. 26 It was noted throughout the PDV experiments that the results were sometimes quite erratic with large errors observed in both the U fs and shock time-of-arrival. It was found that the system is very sensitive to even very small deviations in experimental set-up. The PDV probe must be placed at as close as possible to 90 to the surface under investigation, and at a close distance from that surface (%0.5 mm)-even minor deviations had a tendency to reduce the PDV signal to zero. At laser pulse energies greater than 140 mJ, the wafers had a tendency to fracture chaotically, resulting in shards of wafer of inconsistent size within the measurement zone-it is possible that these shards also contributed to the sample measurement error.
IV. SUMMARY AND CONCLUSIONS
Initiation of pSi films by direct laser irradiation, mechanical impact, electrical sparks, and sample heating has been well documented by numerous researchers. Here, two new methods of initiation of pSi are reported-transmitted laser heating and transmitted laser generated stress waves.
First, it was found that a pSi film loaded with SP is able to be initiated by a weak stress wave propagating through a silicon wafer at a pressure of approximately 131 MPa. This was produced by a laser generated stress wave created at the backside of the wafer, travelling through the bulk silicon material and interacting with the pSi film on the other side of the wafer. The stress wave was weak and elastic rather than a shock wave, with wave velocities somewhat lower than the speed of sound through silicon. Initiation mechanisms due to thermal heating and sample fracturing were eliminated. PDV was shown to be an effective and simple method for recording the motion of the surface where alternative techniques such as VISAR are unavailable.
During this investigation, it was also found that by exploiting the transparent nature of Si in the infrared region, 1064 nm light can be shone through the backside of the supporting Si substrate to heat the pSi energetic material on the front side. The moderately high laser intensities required for this method (a single 10 ns pulse at 650 mJ) reduce the risk of initiation from stray or accidental sources of infrared light.
Conceivably, the fact that pSi energetic samples were able to be initiated using an infrared laser not physically coupled to the sample, either by direct laser transmission or by the generated stress wave, may lead to real-world applications. Physically isolating the initiation and energetic systems provides a degree of safety by reducing the risk of initiation. Furthermore, this also leads to the possibility that devices which incorporate pSi as the primary energetic material may be hermetically sealed from the environment. This would prevent degradation of the material upon oxidation in air and accelerated in moist environments, a problem often encountered with this material. FIG. 7. U fs profiles of (a) unloaded sample (375 lm thick Si wafer with 68 lm thick pSi layer) and (b) sample loaded with SP upon irradiation with a 140 mJ laser pulse. The initial peak U fs of the loaded sample is obscured by the resolution of the Matlab signal processing parameters to increase the velocity range to >100 m/s.
